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PRESSURE DISTRIBUTION ON HL-10
MANNED ILIFTING ENTRY VEHICLE AT A
MACH NUMBER OF 19.5

By William D. Harvey
Langley Research Center

SUMMARY

An experimental investigation has been conducted to determine the pressure
distribution on the lower surface of the basic reentry configuration (desig-
nated HI.-10 by the Langley Research Center) having a hypersonic maximum 1lift-
drag ratio of about 1.0. Tests were made in the Langley hotshot tunnel at a
Mach number of 19.5 and free-stream Reynolds number per foot of about

0.48 x 106, for angles of attack from 15° to 50°, and elevon deflections of 0°,
15°, and 300,

A comparison of measured pressures and values derived from Newtonian theory
agree along the curved lower surface for angles of attack up to 30°. TFor larger
angles of attack, the experimental pressures were higher than the theoretical
pressures for the forward portions of the model. The data obtained from limited
tests with a smaller model showed improvement in the comparison of experiment
and theory.

A 30° downward deflection of the trailing-edge elevons caused apparent
laminar separation to occur at angles of attack of 40° and 50° (and perhaps
30°). Improved predictions of elevon pressures were obtained by use of embedded
flow theory rather than Newtonian theory. The tip-fin leading-edge pressure
level decreased with increasing angle of attack.

INTRODUCTION

Recent studies of manned 1lifting entry vehicles (see, for example, ref. 1)
have directed increased attention to the potential use of vehicles with a hyper-
sonic lift-drag ratio of about 1. At the Langley Research Center studies were
undertaken to define the problems and probable solutions associated with this
type of entry vehicle and to develop a configuration for detailed studies. From
these studies, the HL-10 configuration has evolved; reference 2 contains a sum-
mary of the concepts behind the vehicle design.

*
Title, Unclassified.
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References 2 to U4 present results from some of the experimental investiga-
tions made to determine aerodynamic force and stability characteristics. From
these studies, a basic configuration with canted tip fins and central dorsal fin
(tip fin D and central dorsal fin E described in refs. 3 and 4) has evolved.
Reference 5 presents some aerodynamic characteristics at Mach 20. Reference 6
presents laminar heat-transfer characteristics of the basic configuration,
whereas reference 7 presents the turbulent heating results for this model.

The purposes of the present investigation were (1) to determine the pres-
sure distribution over the lower surface of the basic vehicle which may possibly
aid in the prediction of the heat-transfer rate, (2) to determine the adequacy
of Newtonian impact theory in predicting the pressuires, and (2) to nrovide
information for structural studies. Two pressure models of the HL-10 (using
tip fins D of reference L but without a central dorsal fin) were tested in the
Langley hotshot tunnel at a nominal Mach number of 19.5 and a free-stream

Reynolds number per foot of 0.48 X 106. One model had a maximum chord length
of 8 inches and the other, 6 inches. Chordwise and spanwise pressure distribu-
tions over the lower surface of the 8-inch model were determined at angles of
attack of 15°, 20°, 30°, 40°, and 50° with elevon deflections of 0°, 15°, and
300. For comparison with the 8-inch-model pressure data the chordwise pressure
distributions over the lower surface of the 6-inch model were determined at
angles of attack of %0°, 40°, and 50° with O° elevon deflection. The data for
both models were compared with the Newtonian pressure theory.

SYMBOLS

C pressure coefficient, EE—:;EE

P 9o

c maximum chord, inches

Dn nose diameter, inches

M, free-stream Mach number

Pyt total pressure, lb/sq in.

P, wall pressure, lb/sq in.

P free-stream static pressure, 1b/sq in.

00

Q_ free-stream dynamic pressure, 1b/sq in., %pwvgz

Poo Vos
R, free-stream Reynolds number per foot,
(o]
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T, total temperature, °R e

Teo free-stream temperature, °R

s surface distance from plane of symmetry, inches

V. free-stream velocity, feet per second

X,¥,2 model coordinates (See fig. 1 and table I.)

a angle of attack, degrees

B angle between tangent to body surface and free-stream flow, degrees
04 ratio of specific heats

Be elevon deflection angle in plane normal to hinge line, positive when

trailing edge is down, degrees

m free-stream viscosity, 1b/ft-sec

p free-stream density, 1lb/cu ft

APPARATUS AND TESTS

Tunnel

The present investigation was conducted in the Langley hotshot tunnel.
This tunnel is similar to other hotshot tunnels in that a high-energy arc is
discharged within a chamber to heat and pressurize the test gas. Upon rupture
of a diaphragm upstream of the nozzle throat, the nitrogen expands through a
conical nozzle and the test section into a vacuum reservoir. A more detailed
description of the tunnel can be found in reference 8. The arc chamber used in
the present tests is the coaxial electrode arrangement described in appendix A
of reference 8 without the magnetic coil. Nominal test conditions for the pres-
ent investigation are as follows:

Y o e e e o 8 s s 6 s s s s s e = o e 6 o v a4 e e e e e 7/5
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Instrumentation

Pressure measurements on the model surfaces were made with single-diaphragm
variable-reluctance transducers. They were rated at 0.25, 0.5, and 1 pound
per square inch full scale and located with respect to the anticipated pressure
level along the model surface. Figures 2 and 3 show the pressure-orifice loca-
tions and their spanwise and chordwise locations are given in table II. Nine
gages (gages 1 to 9) were located along the center line of the lower surface
with seven gages (gages 10 to 16) on the outboard ray, just inboard of the
point of tangency between the leading edge and the bottom surface. A ray of
four gogee (geges 22 to 25) was located just ahead of one elevon and three gages
(gages 26 to 28) were located on the elevon. Another ray ot gages (gages 17
to 22) was located along the side of the model. (See fig. 2(a).) Three ori-
fices (gages 29 to 31) were located on the leading edge of one tip fin. (Shown
in figure 3 but not in figure 2.) All transducers were referenced to a common
manifold installed in the model. The 6-inch model was instrumented only along
the center line at approximately the same chordwlise stations as the 8-inch
model.

The short tunnel-operation-time and the low pressures to be measured
required that the pressure transducers be mounted within the model to avoid
excessive lag in the measurements. The number of transducers and orifices was
therefore limited by the internal volume of the model. Calibration of each
pressure transducer was performed over the pressure range anticipated for each
test. The linear calibration could be repeated with an accuracy of *5 percent.

The total pressure in the arc chamber (see ref. 8) was measured with
strain-gage pressure transducers during each test. Total pressure behind the
normal shock in the test section was measured with variable-reluctance pressure
transducers.

Pressure data were obtained by recording the amount of deflection with time
on an oscillograph. Prior to the tests, a calibration of the pressure range
anticipated was made for the individual gages. Measurements were read from the
oscillograph records at 10-millisecond intervals with the first indication of a
pressure rise selected as zero time.

Models

A drawing of the 8-inch model of the basic HL-10 configuration used for
the present investigation is shown in figure 1. The configuration tested had
the canted tip fins (fin D of ref. 4) that provide directional stability pri-
marily at high angles of attack at supersonic and hypersonic speeds. The verti-
cal fin (ref. 3) was not used to permit sting mounting the model. A table of
body coordinates (tip fins and vertical tail not included) for the model 1is
given in table I. The coordinates for the smaller configuration (6-inch model)
were/ﬁbtained by multiplying the 8-inch model coordinates given in table I
by 3/4.

Essentially, the lower surface of the model is a blunt-leading-edge delta
wing with negative camber. The nose diameter (0.75 inch) of the HL-10
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configuration is equal to the cylindrical leading-edge diameter, although the
leading edge is of constant radius for only about 90° of arc beginning on the
lower surface. This leading-edge diameter is faired into the curved upper sur-
face. The lower surface is flat in the spanwise direction and has curvature
only in the chordwise direction. The sweep angle is ThO.

The fiber glass models consist of an upper and lower surface with cutouts
for elevon installation. Pressure orifices were located, the two halves were
assembled, and the elevons were attached separately. Photographs of the fin-
ished 8-inch model are shown in figure 2.

The elevons were constructed of stainless steel bent to the desired deflec-
tion angles and then bonded to a block of wood. This type of construction
resulted in the deflected solid elevon shown schematically in figure 1. A
removable hatch, shown in figure 2(&), was provided for installation of pressure
instrumentation.

The model support sting entered the top of the model near the rear. (See
figs. 1 and 2.) The sting was attached to a mounting block which in turn was
fastened to the interior floor with screws along the center line of the model.

Tests and Data Reduction

Calibration data for the tunnel test section and nozzle are given in refer-
ence 8. The nominal stagnation pressure and temperature for the present inves-
tigation were approximately 10 000 psia and 4230° R. The corresponding free-
stream Mach number and Reynolds number per foot were 19.5 and 0.48 x 106,
respectively.

It has been the practice to define the flow by measuring simultaneously
the test-section pitot pressure and the reservoir pressure and, the density of
the initial charge of gas in the reservoir being known, to assume that the same
density, uniformly distributed, existed in the reservoir after arc discharge.
With these three parameters, it was possible to calculate all the other char-
acteristics of the flow by using a suitable data reduction program such as that
in reference 9.

Prior to the present investigation a series of tunnel tests were made in
which simultaneous measurements of free-stream velocity, stagnation-point heat-
transfer rate, and the previously mentioned pressures and density were obtained
to evaluate the assumption of uniform density. These results yield correction
factors which may be applied to test results for which the density was assumed
to be uniformly distributed. Therefore, the stagnation temperature, free-stream
temperature, and Reynolds number for the present investigation were modified by
a series of time-dependent correction factors to account for the nonuniform
density distribution.

The ratio of the measured pressure to the free-stream pressure pw/p°°
was substituted into the expression for the local pressure coefficients Cp,

UNCLAGOIFIED ;
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In order to assess the predictability of the pressure level and distribu-
tion, theoretical values were calculated for various portions of the configura-
tion and were compared with the experimental data for angles of attack of 150,
20°, 30°, 4LO°, and 50 for elevon detrlections of 07, 157, and 30°. Newtonian
approximations of the pressure coefficients on the model of the present inves-
tigation were obtained with the use of the expression

Cp =2 sin2B (2)

In order to obtain chordwise pressure distributions along the center line
and outboard rays, the local surface angles along the lower surface of the model
were measured and added to the various angles of attack. These angles were then
substituted into equation (2) to determine the local pressure coefficients for
the various angles of attack.

Pressures on the elevons were estimated by two methods. Newtonian calcu-
lations were made by substituting the angle between the deflected elevon surface
and the flow direction into equation (2) for each angle of attack. Calculations
were also made for the deflected elevons by using the method of reference 10.
Reference 10 presents results indicating that for hypersonic flow fields having
secondary shock waves generated by ramps that are embedded within the main dis-
turbed flow field, the pressure coefficients in the embedded region can be con-
siderably different from those obtained by simple Newtonian impact theory.
Equation (2) of reference 10 may be written as

CPJ 2

2
_ Mt L2
= Cp,l + 2 sin“d (3)

where Cp’g represents the pressure coefficient on the deflected elevon, Cp,l
and p; represent the Newtonian pressure coefficient and pressure on the model
center line at the same chordwise station as the elevon hinge line, and Ml
represents the Mach number at the hinge line calculated from the Newtonian pres-
sure 121 and the maximum Newtonian pressure coefficient (which has a value

of 2).

To obtain the spanwise pressure distribution, cross sections were taken at
various chordwise stations along the body. These stations were located at x/c
values of 0.125, 0.262, 0.373, 0.484, 0.625, 0.763, and 0.886. Spanwise pres-
sure distributions were calculated by use of equation (2) and a computer pro-
gram using the model cross-sectional coordinates from table I. The normal to
each coordinate and the Newtonian angles were found by the method of direction

6 | L, R
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cosines, and the local pressure coefflcients were computed for the various
spanwise stations.

RESULTS AND DISCUSSION

Schlieren photographs are presented as figure 4. (Dark spots on the photo-
graphs are chips in the test-section windows.) The free-stream flow direction
is from left to right. The schlieren flow-field details, although not extremely
clear, can be used in conjunction with the pressure measurements to evaluate the
existence of separated flow. It is believed that laminar separation existed at
the present test conditions for the 30° elevon deflection at angles of attack
of 40° and 50° with a possibility of separation at 30°. Figures 5 to 10 give
the pressure distributions for elevon deflections of 0°, 15°, and 30°.

Chordwise Pressure Distributions

Chordwise pressure distributions along the center line of the lower sur-
face, along the ray ahead of the elevon, and along the elevon are presented in
figures 5(a), 7(a), and 9(a) for various angles of attack. The solid symbols
represent data from the 6-inch model. The flagged symbols represent the data
for the ray ahead of the elevon and on the elevon; unflagged symbols represent
the center-line ray. Newtonian pressure coefficients are shown in each figure
for all angles of attack. Figures 5(b), 7(b), and 9(b) are corresponding plots
of the outboard ray pressure distribution.

Without elevon deflection.- In general, the theory agrees well with the
experimental results for the 8-inch model for angles of attack of 15° and 20°
(fig. 5(a)). At o = 30°, the data are about 40 percent higher than theory at
the 6-percent chord and at o« = 40°, about 25 percent higher than theory for
the same chordwise station. However, the agreement between experimental pres-
sure coefficients and theory is good for the remaining chordwise stations. At
a = 509, the experimental pressures are about 10 percent higher than theory
from about the 10-percent chord to the 40-percent chord. The exact cause of
this difference between the experimental data and theory is not known. An ear-
lier investigation (ref. 5) in the same facility to obtain force and moment
characteristics on the HL-10 configuration yielded somewhat similar results in
that the pitching-moment coefficients at the maximum angles of attack were
higher than those obtained in other hypersonic investigations. (See fig. 7 of
ref. 5 for a comparison of stability characteristics.) Consideration was given
to whether the 8-inch model could have induced partial blockage of the flow at
a = 50° although the schlieren photographs (fig. 4) did not support such a
possibility. To investigate the possibility of blockage, additional tests were
made with a 6-inch model (having a frontal area nine-sixteenths of that of the
8-inch model) at angles of attack of 30°, 40°, and 50°, and with &g = 0°. The
6-inch model had a single row of pressure orifices along the center line of the
lower surface at the same chordwise stations as the 8-inch model. The tests
with the 6-inch model gave results similar to those obtained with the 8-inch
model in that the experimentally determined pressures on the 6-inch model were
also approximately 10 percent higher than the theoretical values for a = 50°
from about the 10-percent chord to the 20-percent chord. (See fig. 5(a) for a
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comparison of the 6- and 8-inch-model pressure data.) However, the experimental
data for the 6-inch model at o« = 50° between the 25-percent chord and the
LO-percent chord indicate better agreement with theory than the 8-inch model.
For angles of attack of 30° and MOO, the 6-inch model shows good agreement with
theory from the 6-percent chord to the 100-percent chord. Therefore, it appears
that if a blockage effect exists at high angles of attack with the large model,
it is somewhat reduced with the smaller model for chordwise stations between

the 25-percent chord and the 40-percent chord. Because the stagnation point
moved aft as the angle of attack increased, the pressure orifice located at the
nose (see table II and fig. 3) indicates a decrease in pressure with increasing
angle of attack as expected. Likewise, the pressure increases for gages located
at x/c values of 0.060, 0.l2%, and U.202 with increasliug angle of attack. Ne
separation is indicated by the experimental pressures for Bg = 0°.

In figure 5(b), the outboard-ray pressure distribution also agrees with
theory for all angles of attack except 50° where a disagreement exists up to
about the 50-percent chord as was seen in figure 5(a).

With elevon deflection.- With the elevon deflected 15° (fig. 7(a)), the
measured pressure distributions over the first 40 percent of the body were simi-
lar to those of figure 5(a) with B = 0°, and the same discrepancies between

measurements and theory are noted. The pressure level ahead of the elevons
indicates that the flow is separated on the forward part of the elevon. (The
schlieren photographs of fig. 4(a) tend to confirm this separation.) Once
again, the outboard ray (fig. T(b)) shows results similar to figure 5(b) for
the experimental data and theory for the various angles of attack.

Figure 9(a) shows the agreement between experimental data and theory and
is similar to figures 5(a) and 7(a) up to approximately the LO-percent chord.
It is shown in figure 9(a) that the pressure level ahead of the elevon
deflected 30° is greater than theory with a further rise on the elevon for
angles of attack of 40°, 50°, and possibly for 30°, but not for the lower
angles. The pressure rise ashead of the elevon begins at approximately the
TO-percent chord. It is believed that the flow is separated ahead of the elevon
at angles of attack of 40° and 50° with a possibility of separation for an angle
of attack of 50°. A heat-transfer investigation at Mach 8 (ref. 6) indicates
that 30° downward deflection of the elevons caused laminar separation on the
lower surface. Further indication of this separation at o = 50°, may be seen
in figure 4, where comparison between the schlieren photographs at Se = 159
(fig. 4(a)) and &g = 30° (fig. 4(d)) indicates the difference between the
separated and nonseparated flow on the lower surface. The extent of this separ-
ation on the lower surface can be seen by comparing the pressure distribution
at x/c = 0.70 for the 30° elevon deflection (fig. 9(a)) with the undeflected
elevon (fig. 5(a)). A comparison between the experimental results and the pres-
sure coefficients predicted by simple Newtonian theory and the method of refer-
ence 10 (embedded-flow theory) may be seen in figures T(a) and 9(a). The simple
Newtonian theory overpredicted the maximum experimental pressure results on the
deflected elevons; the method of reference 10 underpredicted the experimental
results but still gave considerably better agreement than the simple Newtonian
approximation.

8 “ouSNERI
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The pressure level ahead of the elevon is about the same as that for the
center line at the same x/c value (fig. 9(a)). This agreement indicates that
the flow is probably separated inboard of the elevons at x/c = 0.70. Further
indication of the spanwise separation at x/c = 0.70 can be seen in figure 9(b)
where the pressure level has risen with increasing angle of attack for the last
two stations (x/c = 0.763 and x/c = 0.886). Because of the limited number of
orifices on the elevon, insufficient data were obtained to determine whether
reattachment of the separated flow occurred on the elevons, although from the
schlieren photograph (fig. 4(d)) it appears that the flow does reattach on the
elevons. Reference 6 points out that a region of higher heating was observed to
cross the elevons diagonally near the midchord of the elevons and was belleved
to result from flow reattachment.

S el et e s
Spanwisé Pressure Distributions

The experimental data are plotted for the spanwise pressure distributions
along with Newtonian coefficients in figures 6, 8, and 10.

Experimental pressure data for the deflected elevons are not plotted on the
figures presenting the spanwise-pressure-distribution. Also, the data for
gages 2bk (x/c = 0.7%6) and 26 (x/c = 0.902) are not included in these figures.

The local pressure coefficient is plotted against the ratio of the surface
distance to the nose diameter s/Dp. Theoretical distributions plotted in these
figures begin on the center line of the lower surface and extend around the
90%-arc leading-edge station and well up onto the relatively flat top surface of
the configuration. (See the respective cross sections in fig. 3.)

It is evident in the experimental pressure data at the x/c values of
0.12% and 0.262 in parts (d) and (e) of figures 6, 8, and 10 for the higher
angles of attack that the pressure level on the center line and outboard ray is
higher than the theoretical peak pressures on the leading edge for the same
chordwise stations. However, the experimental data are in good agreement for
the remaining x/c values. This disagreement between the experimental pressure
data and theory was mentioned earlier for these stations on the center-line and
outboard-ray plots. (See figs. 5, 7, and 9.)

Good agreement is obtained between the experimental spanwise pressure dis-
tribution for &g = 0° and theory for x/c values of 0.373, 0.48L4, 0.625,
0.763, and 0.886. Spanwise pressures for 8 = 15° and B = 30° are shown
in figures 8 and 10. These figures also indicate good agreement between experi-
mental pressures and theory as did figure 6, except for the last two chordwise

stations (x/c = 0.763 and x/c = 0.886) which are believed to be in the region
of laminar separation.

Tip-Fin Pressure Distributions

Figure 11 is a plot of the tip-fin leading-edge pressure distribution for
the various angles of attack. The experimental data are plotted only for
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Be = 0° since for the tip-fin leading-edge pressure distribution there was no

apparent effect from deflecting the elevons downward 15° or 30°. In general,
the pressure level along the tip-fin leading-edge length decreased with
increasing angle of attack, as would be expected from isolated-cylinder
concepts.

CONCLUSIONS

An investigation to determine the pressure distribution over the underside
of the basic version of a manned lifting entry veniclie {desiguaiecd IIL-1C) has
been performed in the Langley hotshot tunnel for a Mach number of 19.5 and a
free-stream Reynolds number per foot of 0.48 x 106. Analysis of the experimen-
tal data, and a comparison with theory have resulted in the following

conclusions:

(1) With the exception of one chordwise station (6-percent chord) near the
model nose at angles of attack of 30° and 40° and four stations (between the
6-percent chord and the 40-percent chord) at angles of attack of 50° for which
the experimental results were considerably higher than theory, good agreement
was obtained between experimental results and Newtonian approximations for the
center line and outboard rays of the lower surface, excluding elevon
deflections.

(2) Better agreement between experiment and theory was obtained with a
smaller model at the higher angles of attack; thus a partial tunnel blockage
may be present with the larger model at high angles of attack.

(3) The experimental pressure distributions on the elevons deflected at
150 and 30° were overpredicted by simple Newtonian theory whereas they were
underpredicted by the embedded-flow theory. However, the embedded-flow theory
gave better agreement with the experimental pressures.

(4) Downward elevon deflection of 30° caused laminar separation on the
lower surface and an apparent reattachment on the elevons for angles of attack
of 400 and 50°. Separation appears to occur at approximately the 7O-percent
chord and extend across the lower surface in the spanwise direction.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., June 11, 1965.
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TABLE I.- HL-10 MOIEL COORDINATES

[}11 dimensions are in inches. Coordinates do not include tip or dorsal fins]

S 2 R
x =1 X = 3 continued x = 5 continued
0.5896 .Lo2k .8000 .5656 L4832
.5833 . 0664 .3320 .8666 .5568 .6168
.5617 .1336 . 266k .9088 542 .7495
.5281 .2000 .2000 .94o8 .5240 .8832
i nlhn RELA .Q8=: .5096 9498
Lokl L3336 . 0664 1.0099 .1928 1.0163
.3336 .3816 0 1.0336 4728 1.0835
. 2664 Riv-~ -, 0664 1.0552 R 1.1495
.2000 L4568 -.1336 1.0695 .L168 1.2160
.133%6 4832 -.2000 1.0867 . 3824 1.2832
. 066k .5056 -.2664 1.1015 L3432 1.3498
(o] 5248 -.3336 1.1155 .2920 1.4163
-.0664 .5400 -.koo1 1.1264 .233%6 1.b739
-.1%3% .5528 -.h66L 1.1360 .2000 1.5027
~-.2000 .5632 -.5336 1.1431 L1336 1.5527
-.2664 5712 -.6013 1.1495 . 0664 1.5930
-. 1233 -.6663 1.1539 0 1.6224
-1.0675 o] -. 0664 1.6455
x=2 -.1336 1.6640
=4 -.2000 1.6808
0.6458 -, 2664 1.6944
L6426 . 0664 0.6256 o] -.33%6 1.7056
.63% .13%6 .6256 1336 -.4000 1.71h4
L6184 .2000 6240 . 2000 -.8584 0
.5984 2664 .6208 .2664
.5696 <3336 .6160 L3336 =6
.5328 kool .6096 .Looo
1848 4664 .6008 .L66h 0.493%6 0
J216 53%6 5904 .5336 .ho28 .5000
. 3664 5768 L5784 .6000 4920 .6328
.33%6 .6032 .5640 .6663 .1888 L7667
2664 6490 5456 J1335 L4848 .8999
.2000 .6899 .5240 .8000 L4768 1.03%30
.13%6 .7219 4960 .8666 L4648 1.1667
. 0664 .6855 L632 .93%8 .4488 1.2992
o] 7719 L2z2 1.0003 26k 1.43%0
-. 0664 L7923 3734 1.0663 . 3904 1.5667
-.133%6 .8090 .3120 1.1335 . 3664 1.6327
-.2000 .8218 . 2664 1.1667 . 3368 1.6992
-.2664 .8352 . 2000 1.2167 .2976 1.7658
-.33% 8455 .1336 1.2570 . 2664 1.8048
-.ko00 .8538 . 0664 1.2896 .2336 1.8458
- L66h .8608 0 1.31k9 .2000 1.8778
-.5336 .8666 -. 0664 1.3376 .13% 1.9271
-.9639 -.133%6 1.3555 . 0664 1.9578
-. 2664 1.3722 0 1.9764
x=3 -.2000 1.3863 -. 0664 1.9930
~.333%6 1.4003% -.1%36 2.00%2
0.6567 -.4000 1.4106 -.2000 2.0090
.6560 L0664 -. 4664 1.4202 -.6280 0
.6528 1336 -.53% 1.4279
L6471 .2000 -.6000 1.4336 x =17
.6392 . 266k -1.0279 0
6264 -333%6 0.3896 0
6128 -hoo1 =5 -.3616 0
.5952 L66k4
5712 5336 0.5728 0 x=8
5432 .6000 5728 .8320
5064 .6663 5728 .2168 0.2752 0
4608 -T335 .5704 . 3496 -.1000 0
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TABLE II.- PRESSURE-ORIFICE LOCATIONS

Gage number x/c s/Dn Gage number

x/c s/Dn

Center line of lower surface Ray on lower surface shead

of instrumented elevon

1 0 0
2 .060 0 22 0.623% 1.22
3 .123 0 23 684 1.33
L 262 0 24 136 1,44
2 .Egﬁ 0 25 .810 1.55
. 0
7 .625 0 Without elevon deflection
8 763 0
9 .886 0 26 0.902 1.57
Outboard ray on lower surface 28 .960 1.57
10 0.123% 0.24 Elevon deflected, 15°
11 262 .65
12 'Zgi 1.01 26 0.902 1.57
13 . 1.39 27 927 1.57
14 625 1.78 28 .964 1.57
15 .T763 2.18
16 .886 2.55 Elevon deflected, 30°
Side of leading-edge surface 26 0.900 1.57
27 «9%0 1.57
17 0.123% 1.08 28 .961 1.57
18 .262 1.46
19 3T3 1.91 Leading edge of tip fin
20 L84 2.11
21 625 2.4h 22 0.833 t.ou
. .3
31 .987 4.66
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INCHES

(@) Side view.

(b) Bottom view.

Figure 2.- Photographs of 8-inch HL-10 pressure model.
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Figure 5.- Chordwise pressure distribution on HL-10 model for an elevon deflection of 00. Unflagged symbols are for gages 1 to 9;
flagged symbols, for gages 22 to 28.
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Figure 6.- Spanwise pressure distribution on HL-10 model for an elevon deflection of 0.
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Figure 9.- Chordwise pressure distribution on HL-10 model for an elevon deflection of 30°. Unflagged symbols are for gages 1 to 9;
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Figure 11.- Tip-fin leading-edge pressure distribution.
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ivities of the United States shall be
the expansion of human knowl- :
e and. space. The Administrati
ble and appropriate disseminali
_write: and the results thereof.” '
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